stained routinely with haematoxylin and eosin for microscopic examination. Special stains were used when required.
In establishing a histological diagnosis of adenocarcinoma in the absence of metastases or tumour emboli, we tended to follow the criteria used by Stewart et al. (1961) for the evaluation of tumours of the glandular stomach. For these authors " carcinoma " implies infiltration of the tumour through all coats of the intestines to the serosa.
EXPERIMENTAL
The following experiments were performed: CH3 CH2CH3
N-NO N-NO COOC2H5 COOC2H5 N-methyl-N-nitrosourethane N-ethyl-N-nitrosourethane (MNU)
A. N-ethyl-N-nitrosourethane (ENU) 1. Five male rats, g. body weight were given, at 1 week's interval, 2 graded doses of ENUJ by intraperitoneal injection. One rat died after the second dose (10 mg.). The 4 surviving rats were given a third dose a week later and a fourth dose was given to 3 of the rats 9-5 months after the first dose (when the rats weighed between 430-445 g.) as specified in Table I. 2. Three females, g. body weight were given 2 doses of ENU in 50% ethanol by intraperitoneal injection, at 1 week's interval as specified in Table I . One week later 2 of the rats were inadvertently given one dose of ENU (5 mg./ 0-25 ml./rat) by stomach tube. Nine and a half months after the first dose, all the 3 rats were given an additional dose of ENJ, 5 mg. in 0-25 ml. ethanol intraperitoneally, when the rats weighed 250-260 g. B. N-methyl-N-nitrosourethane (MNU) 1. Twelve male rats, 95-100 g. body weight were given a single dose of MNU, 5 mg./rat (approx. 50 mg./kg. body weight) in 0-25 ml. of 20% ethanol by intraperitoneal injection into the left side of the abdomen (Table II) .
2. Six male and 6 female rats (95-110 g. body weight) were given in a similar way MNU in 20% ethanol (1-5 mg./rat) as specified in Table III . One female rat that had the highest dose, 5 mg., died after a few days and was cannibalised. Five months later, when the weight of the males was between 465-580 g. and that of the females 290-320 g., each animal received a second dose of MNU, 5 mg.
in 0-25 ml. of 30% ethanol.
RESULTS
The tables (I-III) summarise the treatment, survival times and the more important lesions found in rats given ENUt and MNU by intraperitoneal injections.
The rats tolerated the treatment well. When the dose was too high, the animals died within a few days, mainly from congestion and oedema of the lung. Lesions seen in rats after 3 or 4 doses of ENU (see also Table I) In the case of ENU no attempt was made to study any early changes in the bowel at relatively short time intervals (1-6 days) after i.p. injection. In only one case was there the opportunity to examine a rat 7 days after the last of 4 i.p. doses of ENIJ. In this case a small focal area of inflammation was present in the ileum. Microscopically, this area was composed of irregular, palely staining mucosa, infiltrated with many inflammatory cells (Fig. 1) . There was no suggestion of malignancy and the lesion possibly represented a healing ulcer.
Two of the other 3 male rats were killed when they seemed to be ill at 7 and 10-5 months, respectively, after the last injection. Large tumours were present in the small bowel.
On the basis of our diagnostic criteria, 1 of the 2 tumours in the rat killed 7 months after the last dose could be regarded as an adenocarcinoma (Fig. 2) , the other as a polypoid adenoma.
One of the 2 female rats that had received an additional intragastric dose of ENU had an extensive tumour of the forestomach (Fig. 3 ) and 2 large, separate cauliflower-like tumours of the ileum (Fig. 4) . Microscopically, the stomach tumour was a plaque-like epidermoid carcinoma; 1 of the tumours in the ileum was regarded as a carcinoma and the other as a very large adenoma.
Lesions seen in rats given one dose of MNNU (see also Table II) In the case of the rats given a single dose of MNU (50 mg./kg. body weight) single rats were killed at 2, 6 and 30 days after the dose and a careful search was made for any early pathological changes of the intestines.
In the rat killed at 2 days, an acute ulcer of the caecum was present, characterised by interstitial oedema and swelling of the mucosal cells. Along the small bowel, the mucosal villi tended to be shorter than usual and interstitial oedema was again evident. of the forestomach was replaced by irregularly spaced swollen cells. The only significant abnormality found in the rat killed 6 days after the dose was a very slight degree of mucosal hypertrophy of the forestomach. No pathological changes were seen in the rat killed 30 days after MNTJ. The 9 remaining rats grew well and did not differ in behaviour or appearance from the untreated controls. The essential pathological findings at death are summarised in Table II . Two examples of intestinal intussusception were observed, clearly as the result of a bowel tumour in one case. Two cases of adenomatous tumours of the rectum were noted (Fig. 5) and one case of an adenocarcinoma of the small bowel with extension through to the serosa (Fig. 6) .
Three other unusual tumours were also seen. One, a large (2 x 1-5 x 1-0 cm.) tumour of an accessory spleen, was considered to be a sclerosing haemangioma (Fig. 7 and 8) . Another tumour was a papillary tumour of the testes which microscopically proved to be a mesothelioma ( Fig. 9 and 10) . The third tumour, an anaplastic carcinoma of seminal vesicle was found in a rat killed at 23 months. Three examples of pulmonary adenomatosis were present, associated in one rat with a metastasising adenocarcinoma.
Lesions seen in rats given 2 doses of MNU (see also Table III) The main pathological features which were observed are set out in Table III . Out of the 6 male rats a total of 4 bowel tumours was observed, three being associated with an intussusception. These tumours were regarded as adenomatous in character (Fig. 11) . Three of the male rats also showed changes of pulmonary adenomatosis.
In the female rats, no intestinal tumours were observed but marked changes of pulmonary adenomatosis were noted in 3 of the 6 rats and in one case, an area of malignant change was seen. One example of a carcinoma of the cervix uteri was present.
To summarise the main changes observed: With MNU the early changes were those of bowel ulceration, mucosal oedema and swelling of mucosal epithelial cells. Later polypoid adenomatous tumours of the small intestine were frequently seen. One definite adenocarcinoma was found. Pulmonary adenomatosis, especially in female rats, was a common feature and in 2 cases, carcinoma of the lung was present. Apart from the lung changes, ENU produced a somewhat similar pattern.
DISCUSSION
The alkylnitrosourethanes, MNU and its higher homologue, ENU, known to be potent carcinogens for the rats' stomach when given intragastrically, proved effective in inducing tumours of the intestines, when injected intraperitoneally. These compounds can induce a variety of tumours in several organs with one or a few doses (Schoental, 1960 (Schoental, , 1963 (Schoental, , 1965 (Schoental, , 1966b Schoental and Magee, 1962) but surprisingly no liver tumours. For the study of the evolution and for the understanding of the carcinogenic process, substances which are able to induce tumours with a single dose are of obvious advantage.
The experiments described in this paper were devised not in order to obtain the highest possible tumour yield, but rather in order to find the minimal dosage, which will induce tumours. In this respect MNU appears to be the compound of choice, as it induced intestinal tumours with a single dose.
The effects of MNU were compared with those of ENU, when single doses of these compounds were given to animals by the intragastric route. ENU proved to be less irritating and was tolerated in higher doses than MNU, but was less effective for the induction of stomach tumours (Schoental, unpublished results) .
In most of the previous cases in which intestinal tumours were induced, the carcinogens were given either continuously for many months in the diet or by repeated injections (Walpole and Williams, 1958, Morris et al., 1961; Laqueur, 1965; Laqueur and Matsumoto, 1966; Druckrey et al., 1967) . This was also the case where intestinal tumours were induced in rats given bracken in the diet (Evans and Mason, 1965) . Tumours of the intestines have been reported after single doses of N-methyl-N-nitrosourea given intravenously (Druckrey et al., 1963) or intragastrically (Leaver et al., 1966) and of methylazoxymethanol* injected intraperitoneally (Laqueur and Matsumoto, 1966) . Both these compounds are versatile carcinogens and are likely to act via the same intermediate carcinogenic species as MNU, namely, an " active methylene ". The difference in the rate of formation of the latter from the parent compounds would explain the differences in their respective efficacies in the induction of intestinal tumours, when administered by different routes. In the case of N-methyl-N-nitrosourea, which undergoes slow hydrolytic decomposition at physiological pH, only slightly accelerated by free thiols, oral dosage is effective, while in the case of MNU which interacts rapidly with free sulphydryls of tissues (Schoental, 1961; Schoental, 1966b) intraperitoneal injection is needed. In the case of methylazoxymethanol which is known to be a very unstable compound, its reactions with free sulphydryls have not yet been reported, but the protection of rats against acute toxicity of cyeasin by ,-mercaptoethylamine is of interest in this connection (Hirono and Laqueur, 1967t) .
Intestinal tumours were recently found in the first of groups of our rats injected intraperitoneally with N-ethyl-N-nitroso-N'-nitro-guanidine and with N-methyl-Nnitroso-N'-nitro-guanidine, compounds resembling MNU and ENU in their reactivity towards thiols and in the induction of stomach tumours (Schoental, 1966a; Sugimura and Fugimura, 1967) .
It may appear surprising, that when the carcinogen is injected intraperitoneally and is in direct contact with the serosa, tumours develop from the mucosal cells of the intestines. This suggests that MNU can diffuse through the intestinal wall, and due to the higher concentration of free sulphydryls among the rapidly dividing cells of the intestinal mucosa, there it releases more of the carcinogenic species. Recent experiments in which ligated segments of intestines were exposed in vitro to 14C-methyl-MNU and the mucosa and intestinal wall studied separately, support this interpretation (Schoental, unpublished results) . Toledo (1965) showed that after oral administration of MNU abnormal cells were present in the stomach with evidence of polypoidy and Ord (1965) demonstrated that in Amoeba proteus exposed to MMU, cell division might be delayed for several weeks and give rise to enlarged, even " giant " amoebae. When such large amoebae succeed in dividing, they do this in an irregular and unpredictable way. Tumours developing in the intestine may derive from mucosal cells that have undergone similar changes.
Of the lesions other than those of the gastro-intestinal tract, pulmonary * The aglycone of cyeasin.
t 5th Conference on Cycad Toxicity, Miami, Florida, April, 1967. adenomatosis, similar to that seen in rats after intragastric dosage with MNU (Schoental, 1966b) was present in several animals, and one tumour of the spleen and one of the uterus were found in single rats. Such tumours have not been seen among many hundreds of rats used in this Laboratory as controls or in other experiments and their relation to the treatment is suggestive. The case of the mesothelioma surrounding the testes in one rat is difficult to interpret. No such tumours have been seen among the rats in our Laboratories. Similar tumours have been described in rats, controls as well as among those treated with 2,7-diacetylaminofluorene by Morris et al. (1961) .
SUMMARY
Tumours, adenomata and adenocarcinomata, developed in various parts of intestines of rats injected intraperitoneally with one or two doses of N-methyl-Nnitrosourethane, or with 4 doses of N-ethyl-N-nitrosourethane. In addition pulmonary adenomatosis and single tumours of the spleen and of the uterus were found in the rats treated by the intraperitoneal route. A mesothelioma of the testes and a carcinoma of seminal vesicle were present in rats, that had one dose of MNU.
We wish to thank Mr. R. F. Legg for the photomicrographs and Miss Nina Huttner for valuable technical assistance.
